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Abstract 
The nitrogen flow in the agricultural production activities has become one of the most important factors affecting the human 
environment, especially regional aquatic environment. This paper analyzes the input and output of nitrogen of farming-grazing 
system and its influences on the environment by using of the regional nitrogen flow model in the studied area of Wuliangsuhai 
catchment of Inner Mongolia Autonomous Region in 2006. The research results indicate that nitrogen input of Wuliangsuhai 
catchment mainly concentrates in arable land, very few in grassland. Nitrogen input is more than output in farming system, and 
the nitrogen surplus is 3.08×104 tons, averagely 65.1 kg/hm2. Nitrogen input is less than output in grassland system, and there is a 
nitrogen deficit of 7.01×103 tons, averagely 8.59 kg/hm2. The loss of massive nitrogen is a primary factor causing the local 
grassland degradation. In addition, the gross nitrogen exported into surface water by surface runoff every year has achieved 
1.8×104 tons, which brings great pressures on the regional water environment. Most of lost nitrogen is to be deposited in rivers 
and lakes, less likely to return farming-grazing system. Fertilizer use on the arable land is the main source of nitrogen exported 
into surface water from regional farming-grazing system. Excessive application of nitrogen fertilizer in the arable land has led to 
accumulation of soil nitrogen and posed a great threat to the aquatic quality of Wuliangsuhai catchment, whereas the grassland is 
confronted with a severe nitrogen deficit which has resulted in widespread grass degradation. Therefore it may be an efficient 
way to mitigate the problems simultaneously by regulating and balancing the nitrogen flow between the farming system and the 
grazing system, and the control of agricultural non-point source pollution should be the priority strategy to management and 
improve the aquatic quality of Wuliangsuhai catchment. 
© 2010 Published by Elsevier Ltd. 
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1. 1 Introduction 
Productivity per unit area of arable land increased dramatically in the 20th century to meet a more demand for 
food in China, which was induced directly by an increase in the use of nitrogen fertilizer. Artificially increased 
nitrogen increases agricultural productivity, but causes cascade effects in the form of an environmental load on the 
regional or global nitrogen cycle. As a consequence, agricultural activities, including intensive livestock production, 
have been widely criticized for producing environmental pollution. An over-supply of nutrients at the field scale has 
resulted in surpluses, leading to either accumulation or leaching. The transfer of nitrogen from farmland to water 
sources has attracted the attention of policy makers and scientists throughout the world because of the detrimental 
effect on water supplies. In order to continue meeting the needs of a growing population, we must find sustainable 
strategies that balance agricultural production and environmental loans. 
Studies have indicated that agricultural production is one of the primary human activities affecting the flow of 
nitrogen. Globally, 1.50 × 108 tons of nitrogen is fixed by rural activities each year [1]. The massive accumulation of 
nitrogen has seriously disturbed the balance of the flow of nitrogen, and caused environmental problems like water 
pollution and the release of greenhouse gases (e.g., NH3, N2O). Agriculture and the rural economy of China have 
developed rapidly since 1978. However, rural development and improvements in the standard of living in rural areas 
have been accompanied by an increase in the nitrogen discharged into the surrounding environment. The massive 
consumption of chemical fertilizers and the waste discharged by the farming-grazing system have resulted in an 
accumulation of nitrogen in the aquatic environment. Empirical studies [2] have demonstrated that the 
eutrophication of major lakes in China is closely associated with the use of nitrogen fertilizers. As a result, the 
nitrogen cycle balance and its impact on the environment have become the new focus of sustainable agricultural 
policies in recent years [3, 4].  
The nutrient balance model involves the identification of nutrient surpluses and deficits and consideration of their 
impact on soil fertilization, agricultural production, and the aquatic environment by calculating the inputs and 
outputs of nutrients on the land surface. The approach has been widely used since the 1990s to reduce the 
accumulation of nitrogen and mitigate its environment impact. The Organization for Economic Co-operation and 
Development’s (OECD) National Soil Surface Nitrogen Balances (NSSNB) and Nutrient Flow Model (NFM) are 
representative of the nutrient balance approach. The NSSNB model is used in Europe to evaluate the impact of 
nitrate pollution from agricultural practices on groundwater [5]. The NFM is a micro-simulation model used to 
examine the diversification of human economic activities and the flow of nutrients. The model is used as the basis 
for presenting environmental policy measures and considering their impacts [6]. Currently several researchers are 
investigating the flow of nitrogen in China. However, most of these studies focus on how to increase fertilizer 
efficiency and soil productivity. Comparatively few studies consider the environmental impact of nitrogen flowing 
into and out of the farming-grazing system [7-10]. 
The Wuliangsuhai catchment, located in Bayannaoer municipality in the Inner Mongolian Autonomous Region 
of China, is an important area of agriculture and animal husbandry. The Wuliangsuhai Lake, located in this 
catchment, is the largest lake in northwestern China and the most important component of the hydraulic system of 
the Hetao region. It is the major recipient of irrigation runoff, receiving more than 90.00 % of the flow in the Hetao 
region. Water entering the Wuliangsuhai Lake from irrigation runoff averaged 5.38×108 m3 per year between 1988 
and 2004. Farmland runoff entering Wuliangsuhai Lake then enters the Yellow River through a recession flow 
trench. The water exported into the Yellow River averages 1.74×108 m3 per year. However, in recent years, 
considerably more nitrogen has entered Wuliangsuhai Lake as irrigation runoff. Wuliangsuhai Lake has suffered 
increasing eutrophication and swamping as a result, and may eventually disappear entirely.  
Based on the NFM model and the NSSNB model, we built the regional nitrogen flow model. In this paper, we 
use this model to examine the effect of nitrogen pollution from agricultural practices in the Wuliangsuhai catchment 
in order to facilitate relevant policy changes. To this end, we quantify the input and output of nitrogen from different 
sources and consider the impact of nitrogen flow on the aquatic environment. We propose a strategy for balancing 
the nitrogen flow and argue for the control of agricultural non-point source pollution in order to preserve the local 
environment and resources of the Wuliangsuhai catchment. 
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2.1.  Brief introduction of the Wuliangsuhai catchment 
The Wuliangsuhai catchment, located on the western Inner Mongolian Plateau, includes four administrative units: 
Linhe District, Wuyuan County, Hangjinhou Banner, and Wulateqian Banner. The catchment falls entirely within 
the jurisdiction of Bayannaoer municipality (Fig. 1). It covers an area of approximately 11,800 km2, extending west 
to the Wulanbuhe desert, east to Xishanju, north to Mt. Langshan, and south to the Yellow River. The catchment 
covers 35.00 % of the area occupied by the Yellow River in Bayannaoer municipality and 42.00 % of the total area 
of the Hetao Plain. Situated in the desert steppe zone, the region is semi-arid and arid with cold, dry winters and hot, 
dry summers. The terrain of the Wuliangsuhai catchment is flat, with a slight incline to the northeast. The total 
population of the Wuliangsuhai catchment is 1,450,000, with 1,020,000 people involved in agriculture and 440,000 
people working as laborers. Irrigation farming is the economic foundation of the Wuliangsuhai catchment. The 
transportation, electricity, machinery, and food processing industries are all secondary to agriculture in the region.  
Fig. 1. Location of the Wuliangsuhai catchment 
2.2. The rural development of the Wuliangsuhai catchment 
Inhabitants of the Wuliangsuhai catchment rely primarily on farming and livestock husbandry. The catchment is 
also one of the key areas for grain, cooking oil, and sugar production in China. The rural economy of the 
Wuliangsuhai catchment has developed quickly since 1978. Between 1952 and 2008, the total agricultural output 
increased from 1.56×108 to 4.83×108 yuan (2008 value). The average annual growth rate was around 2.04 % (Fig. 2). 
The annual growth rate was only 0.14 % between 1952 and 1977, and 3.51 % between 1978 and 2007. The average 
per capita net income of peasants and herdsmen also increased considerably after 1978, from less than 100 yuan to 
nearly 1000 yuan (Fig. 2). The grain yield increased from 2.29×105 tons in 1952 to 1.78×106 tons in 2008 (Fig. 3). 
The annual growth rate was 3.74 % before 1978, and increased to 5.25 % after 1978. Total livestock increased from 
9.68×105 to 5.45×106 during the same period (Fig. 3). The annual growth rate was 3.13 % prior to 1978, and 
increased by 4.24 % per year between 1978 and 2008. Total livestock has decreased markedly since 2005 partly due 
to the ecological restoration efforts to seal the grassland to nurse forests, afforestation and pasturing prohibition. The 
area of farmland increased from 2.87×105 hm2 to 4.97×105hm2 between 1952 and 2008. The annual growth rate was 
0.98 %. Agricultural production conditions in the rural area improved considerably as a result of the use of chemical 
fertilizer and agricultural machinery (Fig. 4). Between 1995 and 2008, consumption of chemical fertilizer increased 
2. 2 Study site 
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from 1.26×105 tons to 1.96×105 tons, with an annual growth rate as high as 3.44 %. The total power of agricultural 
machinery increased from 9.12×105 KW to 2.82×107KW, and has increased by 9.08 % annually. 
(a)                                                                   (b) 
Fig. 2. (a) Gross output of agriculturea in the Wuliangsuhai catchment between 1952 and 2008; (b) per capita net income of 
peasants and herdsmenb in the Wuliangsuhai catchment between 1978 and 2008. 
Fig. 3. Changes in grain yield and total livestock in the Wuliangsuhai catchment between 1952 and 2008 
a Gross output of agriculture is shown at 1952 values. 
b Per capita net income of peasants and herdsmen is shown at 1978 values. 
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Fig. 4. Improvement of agricultural equipment in the Wuliangsuhai catchment between 1995 and 2008
2.3.  The aquatic environment of the Wuliangsuhai catchment 
The aquatic environment of the Wuliangsuhai catchment is focused on the serious eutrophication of the 
Wuliangsuhai Lake. Water makeup of the Wuliangsuhai Lake is mainly originated from the excessive irrigating 
water from Hetao irrigation area (i.e. the Yellow River water) and mountain torrent, water was slightly polluted, and 
the water quality was good before the 1960s. After the 1960s, with the construction of agricultural drainage system 
of the Hetao irrigation area, coming into use of the Sanshenggong hydro-junction and the massive use of chemical 
fertilizer, the makeup water of the lake was gradually replaced by the agricultural drainage and the filtered water 
from the irrigation water, the water quality is transformed from the Yellow River water with not too rich nutrients 
into supplying water with rich nutrients. In the recent years, the vast discharge of industrial waste, domestic sewage 
of cities and towns and farmland recession flow into the Wuliangsuhai Lake makes the dramatic increase of nitrogen 
concentration of the lake. The input of massive amounts of nitrogen leads to the excessive growth of various kinds 
of submerged and emergent plants. The accelerated silt deposition caused by decomposing aquatic plants in turn 
reduces the size of Wuliangsuhai Lake. The depth of the lake has been decreasing by 9 to 13 mm per year[11]. At 
this rate, the Wuliangsuhai Lake will become a reed-swamp in the next 30 to 100 years, and cease to function as a 
lake. On the one hand, the use of nitrogen fertilizer is necessary to increase agricultural productivity; on the other 
hand, we must control the use of fertilizer in order to preserve Wuliangsuhai Lake. 
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3.2.  Equations 
Our model involves sixteen equations. We calculated the total input of nitrogen in the farming system (TA, in kg) 
as:
¦
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iAITA                                                                                                                                                  (1)
where AIi represents nitrogen input from chemical fertilizers, livestock manure, biological nitrogen fixation, 
atmospheric deposition, crop residues, seeds, human feces and urine, and irrigation water. 
We calculated the total inputs of nitrogen in the grazing system (TG, in kg) as:  
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where GIj represents nitrogen input from livestock manure, biological nitrogen fixation, and atmospheric deposition. 
We calculated the nitrogen uptake by crops (AO, in kg) as: 
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where Sn is the planting area of a specific crop and Un is the nitrogen absorption coefficient. 
We calculated the nitrogen runoff from farmland (EA, in kg) as: 
  1LAOTAEA u                                                                                                                                (4)
3.  Model and methods 
3.1.  Description of the model  
The regional nitrogen flow model considers both direct and indirect nitrogen flow. Direct nitrogen flow is the 
nitrogen introduced directly to surface water by agricultural production and human activities, including nitrogen 
discharged by livestock, crop residue disposal, rural waste and wastewater, and human excreta. Indirect nitrogen 
flow includes nitrogen flow from both farmland and grassland. Nitrogen generated by agricultural production 
derives from fertilizer, livestock manure, biological nitrogen fixation, atmospheric deposition, crop residues, seeds, 
human feces, and urine, and irrigation water. Due to data constraints, this model does not include nitrogen inputs 
from productive organic fertilizer, and sludge and cake fertilizer. We assume that there would no rural solid waste 
and sewage return in the Wuliangsuhai Lake. Nitrogen is lost from farmland via crop absorption, leaching, runoff, 
ammonification, and nitrification-denitrification. Grassland nitrogen inputs include livestock manure, biological 
nitrogen fixation, and atmospheric deposition. Nitrogen outputs from grassland include absorption by plants, runoff, 
leaching, ammonification, and nitrification-denitrification. Because the process of nitrogen loss via leaching, 
ammoniation and nitrification-denitrification is very complex, we only consider the cumulative loss of nitrogen. 
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HANALAEAAOTAN  1                                                                                                       (8)
We calculated the nitrogen uptake by grassland (EG, in kg) as: 
AGLEG u 5                                                                                                                                                   (9)
where AG is the area of grassland and L5 is the nitrogen absorption coefficient. 
We calculated the nitrogen lost due to nitrification-denitrification from grassland (HG, in kg) as: 
6LAGHG u                                                                                                                                                  (10)
where L6 is nitrogen nitrification-denitrification coefficient. 
We calculated the nitrogen output by runoff from grassland (GO, in kg) as: 
7LAGGO u                                                                                                                                                   (11)
where L7 is nitrogen runoff coefficient. 
We calculated the nitrogen output by ammonification from grassland (NG, in kg) as: 
8LTFNG u                                                                                                                                                    (12)
where L8 is the nitrogen ammonification coefficient. 
We calculated the nitrogen leaching from grassland (LG, in kg) as: 
9LTFLG u                                                                                                                                                    (13)
where L1 is nitrogen runoff coefficient. 
We calculated nitrogen leaching from farmland (LA, in kg) as: 
  2LAOTALA u                                                                                                                                (5)
where L2 is the nitrogen leaching coefficient. 
We calculated the nitrogen output by ammonification (NA, in kg) as: 
  3LAOTANA u                                                                                                                                (6)
where L3 is the nitrogen ammonification coefficient. 
We calculated the nitrogen lost due to nitrification-denitrification (HA, in kg) as: 
  4LAOTAHA u                                                                                                                                  (7)
where L4 is the nitrification-denitrification coefficient. 
We calculated the nitrogen balance of the farming system (N1) as: 
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4. Data collection and processing  
4.1.  Social and economic data 
The social and economic data derive from published reports and field work. The crop yield, area of land sown, 
farmland area, grassland area, total livestock, rural population, urban population, and amount of nitrogen fertilizer 
used come from the 2007 Bayannaoer Statistical Yearbook and field work.   
4.2.  Parameters of the farming system 
The parameters of the farming system were mainly obtained from published sources (Table 1). Nitrogen from 
precipitation and the asymbiotic nitrogen fixation coefficient for farmland were obtained from Lu et al. [12]. The 
nitrogen coefficient for irrigation water is from Luo et al. [7]. The amount of nitrogen fertilizer used on farmland, 
the nitrogen runoff coefficient for farmland, the nitrogen leaching coefficient for farmland, and the nitrogen 
nitrification-denitrification coefficient for farmland come from Zhu [13, 14]. The nitrogen ammonification 
coefficient for farmland is from He et al. [15]. The return rate of human feces and urine for urban and rural residents 
was recorded during field work conducted as part of this study. Since there is only a very small area planted with 
legumes in the Wuliangsuhai catchment, we do not consider nitrogen produced by symbiotic fixation. Rather, we 
focus on asymbiotic fixation. 
4.3.  Parameters of the grazing system 
We obtained the parameters of the grazing system primarily from published sources (Table 1). The nitrogen 
leaching coefficient for grassland is from case studies [16]. The nitrogen runoff coefficient for grassland comes from 
Zhou et al. [17]. The nitrogen ammonification coefficient for farmland is from Simpon et al. [18]. The nitrogen 
nitrification-denitrification coefficient for grassland derives from Li et al. [19]. 
where L9 is the nitrogen leaching coefficient. 
We calculated the nitrogen balance of the grazing system (N2) as: 
LGHGNGEGGOTGN  2                                                                                                    (14)
We calculated the nitrogen introduced into surface water by runoff (N3) as: 
EGEAEEEEN  43213                                                                                                            (15)
where E1 is the nitrogen produced by livestock, E2 is the nitrogen discharged as crop residues, E3 is nitrogen 
discharge from rural waste and wastewater, and E4 is the nitrogen discharged from human excreta. 
We calculated the nitrogen leaching into groundwater (N4) as: 
LGLAN  4                                                                                                                                                  (16)
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 Mean Minimum Maximum 
Use of nitrogen fertilizer˄%˅ 35 9 72 
Coefficient for nitrogen input by precipitation (kg/hm2) 6 2.25  
Coefficient for farmland asymbiotic nitrogen fixation (kg/hm2) 15 5 28.5 
Coefficient for grassland symbiotic nitrogen fixation (kg/hm2) 5 4.8 5.4 
Coefficient for nitrogen input by farmland irrigation (kg/hm2) 25.2 9 33.8 
Coefficient for farmland nitrogen runoff (%) 5 3 8 
Coefficient for farmland nitrogen leaching (%) 2 1 3 
Coefficient for farmland nitrogen ammonification (%) 10 1 30 
Coefficient for farmland nitrogen nitrification-denitrification (%) 16 1.7 52 
Return rate of urban human feces and urine (%)  48 46 52 
Return rate of rural human feces and urine (%) 97 95 99 
Coefficient for grassland nitrogen runoff (kg/hm2) 0.33 0.25 0.42 
Coefficient for grassland nitrogen leaching (%) 22 18 34 
Coefficient for grassland nitrogen ammonification (%) 25 20 30 
Coefficient for grassland nitrogen nitrification-denitrification (kg/hm2) 11.3 1 25 
Table 1 Table of the variables included in this paper 
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Fig. 5. Structure of nitrogen inputand structure of nitrogen output in the Wuliangsuhai catchment in 2006c.
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5. Results and discussion 
5.1.  Nitrogen flow 
The results of our study indicate that nitrogen inputs, outputs, and surpluses in the farming-grazing system in the 
Wuliangsuhai catchment were 14.2×104 tons, 12.5×104 tons, and 1.7×104 tons, respectively. The average nitrogen 
input, output, and surplus in 2006 were 110.6 kg/hm2, 97.3 kg/hm2, and 13.3kg/hm2, respectively. There was a 
nitrogen surplus in the farming system and a deficit in the grazing system. This implies an excess of nitrogen in the 
farming system and a dearth of nitrogen in the grazing system that may result in a decrease in organic matter content 
and grassland degradation. 
The major components of nitrogen flow in the farming-grazing system of the Wuliangsuhai catchment in 2006 
are shown in Fig. 5. On the nitrogen input side, 38.91 % and 33.03 % of the total came from nitrogen fertilizer and 
livestock manure, respectively. Nitrogen input by irrigation, biological fixation of nitrogen, precipitation, human 
feces and urine, crop residues, and seeds accounted for 8.37 %, 7.84 %, 5.54 %, 2.98 %, 1.93 %, and 1.50 % of the 
total input, respectively. Input related to human activities accounted for 83.79 % of the total nitrogen input in the 
farming-grazing system and was the most important nitrogen source. In 2008, the total amount of nitrogen fertilizer 
used in the Wuliangsuhai catchment reached 14.02×104 tons and 296 kg/hm2. This is considerably higher than the 
average level in China in 2008 (189.2 kg/hm2). On the nitrogen output side, the harvesting of crops and grass 
accounted for 34.44 % of the total output, lower than the worldwide average (50.00 %) [20]. Nitrification-
denitrification was the primary means by which nitrogen was lost, accounting for 22.52 % of the total. Nitrogen 
output by runoff, ammonification, and leaching accounted for 17.98 %, 16.24 %, and 8.81 % of the total, 
respectively (Fig. 5).  
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Table 2 Nitrogen inputs and outputs in the Wuliangsuhai catchment farming system in 2006 
Input Amount (tons) Proportion (%) Output Amount (tons) Proportion (%)
Nitrogen fertilizer 41,242 37.72 Uptake by crops 31,131 39.67 
Livestock manure 37,049 33.88 Runoff 15,699 20.01 
Human feces and urine 42,584 3.89 Leaching 3,140 4.00 
Biological fixation of nitrogen 7,109 6.50 Ammonification 10,963 13.97 
Irrigation 11,944 10.92 Nitrification-denitrification 17,540 22.35 
Precipitation 2,844 2.60    
Seed 2,139 1.96    
Crop residues 2,757 2.52    
Total 109,344 100.00 Total 78,473 100.00 
Difference between input and output 30,871 
Table 3 Nitrogen inputs and outputs in the Wuliangsuhai catchment grazing system in 2006 
Input Amount (tons) Proportion (%) Output Amount (tons) Proportion (%)
Livestock manure 24,349 73.06 Uptake by grass 9,793 24.27 
Biological fixation of nitrogen 4,080 12.24 Runoff 5,665 14.04 
Precipitation 4,896 14.69 Nitrification-denitrification 9,221 22.86 
   Ammonification 8,332 20.65 
   Leaching 7,332 18.17 
Total 33,326 100.00 Total 40,342 100.00 
Balance between input and output -7,016 
5.2. Nitrogen flow characteristics 
 In 2006, nitrogen input and output in the farming system in the Wuliangsuhai catchment were 10.9×104 and 
7.8×104 tons, respectively. The average nitrogen input and output were 230.7 and 165.6 kg/hm2, respectively. 
Nitrogen input and output in the grazing system in the Wuliangsuhai catchment were 3.3×104 and 4.03×104 tons, 
respectively. The average nitrogen input and output were 40.8 and 49.4 kg/hm2, respectively. As shown in Table 2, 
there was a considerable surplus of nitrogen in the farming system and a slight deficit of nitrogen in the grazing 
system. In the farming system the total nitrogen surplus and the average surplus reached 3.08×104 and 65.1 kg/hm2,
respectively (Table 2). However, nitrogen input in the grazing system was less than the output, and the deficit 
between the total nitrogen input and output in the grazing system was 7.01×103 tons (Table 3), with an average 
deficit of 8.59 kg/hm2. The nitrogen input associated with farming and grazing activities, in particular the use of 
chemical and organic fertilizers, was the primary source of the nitrogen surplus in the farming system and also the 
nitrogen deficit in the grazing system. Thus, farming-grazing activities exert the greatest influence on nitrogen flow 
in the Wuliangsuhai catchment. Farmers have increased the fertilizer input in the farming system to meet the need of 
grain production, but fertilizer input in the grazing system is almost negligible.  
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Inner Mongolia Autonomous Region decreased by 30.00 % on average, and the grass yield decreased by 35.00 % to 
45.00 %. Currently, China’s grassland is degenerating at the rate of 2×106 hectares per year [22]. 
Nitrogen fertilizer (37.72 %) and livestock manure (33.88 %) combined made up 73.52 % of the nitrogen input in 
the Wuliangsuhai catchment. Nitrogen input by irrigation, biological fixation of nitrogen, precipitation, human feces 
and urine, crop residues, and seeds accounted for 10.92 %, 6.5 %, 3.89 %, 2.6 %, 2.52 % and 1.96 %, respectively. 
Input related to human activities made up 90.9 % of the total and was the most important nitrogen source. In terms 
of nitrogen output in the farming system, crop harvest contributed 39.67 %. Nitrogen output by nitration-
denitrification, runoff, ammonification, and leaching made up 22.35 %, 20.01 %, 13.97 %, and 4.00%, respectively 
(Table 2). 
The nitrogen balance of the grazing system was totally different from that of the farming system. Nitrogen input 
in the grazing system was mainly derived from livestock manure, which accounted for 73.00 % of the total input. 
Input by biological fixation of nitrogen and precipitation accounted for 12.00 % and 14.00 %, respectively. Input 
closely related to human activities was negligible. However, in the grazing system, nitrogen output by foliage 
absorption, runoff, nitrification-denitrification, leaching, and ammonification accounted for 24.27 %, 14.04 %, 
22.86 %, 20.65 %, and 18.17 %, respectively (Table 3). A large proportion of the nitrogen lost through foliage 
absorption is removed from the grazing system in the form of animal products (meat, milk, and wool) and is not 
returned to the grazing system. Meanwhile, no external nutrients (fertilizer or feed) are input into the system. 
However, nitrogen output by runoff, nitrification-denitrification, and leaching is not replaced. This further 
intensifies the imbalance between nitrogen input and output in the grazing system. In China, approximately 5 kg of 
nitrogen per hectare is transferred out of the grassland annually in the form of animal products on medium intensity 
pasture. The higher the grazing intensity, the greater the amount transferred. Since the output is not returned, the 
balance between nitrogen inputs and nitrogen outputs of the grassland is in a state of loss and grassland degeneration 
then becomes increasingly more severe. Grassland degeneration decreases the grass yield. At present, the grass yield 
per hectare is 30.00 % to 50.00 % lower than it was in the 1960s. The yield is reduced by between 60.00 % and 
80.00 % for seriously degraded grassland [21]. Between 1985 and 2002, foraging in the Silinguole grassland of the 
5.3.  Environmental impact 
We estimate that 7.75×104 tons of nitrogen entered the water sources of the Wuliangsuhai catchment in 2006. Of 
this total, 1.8×104 tons was introduced into surface water and 1.04×103 tons leached into groundwater. Most nitrogen 
released into water comes from soil (particularly farmland) through surface runoff. Surface runoff makes up about 
nine times the total direct discharge from all agricultural and rural activities (Fig. 6). The nitrogen lost is deposited 
in rivers, lakes, and seas, and it is thus unlikely to return to the farming-grazing system. This is an important factor 
causing the deterioration of the Yellow River’s water quality and the eutrophication of the Wuliangsuhai Lake. 
Based on land-use types, the total nitrogen loss and average loss in the farming system were 4.7×104 tons and 99.9 
kg/hm2, respectively. The average amount of nitrogen exported into water by runoff and leaching was 1.88×104 tons 
and 39.7 kg/hm2, respectively. Thus, agricultural non-point pollution is the primary cause of the Wuliangsuhai Lake 
eutrophication and swamping. Nitrogen entered surface water primarily through the use of chemical and organic 
fertilizers. Nitrogen lost in this way accounted for 2.14×104 tons, or 83.30 % of the total. Another 16.70 % of the 
total nitrogen lost entered surface water directly through agricultural production and human activities in the rural 
area. 1.57×104 tons of the total nitrogen lost came from the farming system, accounting for 66.20 % of the total. 
Farming in the Wuliangsuhai catchment has exerted great pressure on the regional aquatic environment. Control of 
agricultural non-point source pollution should be the focus of regional water pollution legislation. The total nitrogen 
lost by the grazing system was 3.05×104 tons, most of which came from nitrification-denitrification and 
ammoniation, amounting to 1.76×104 tons and accounting for 57.45 % of the total . Nitrogen lost through runoff and 
leaching amounted to 1.30×104 tons, accounting for 40.00 % of the total. Nitrogen exported into bodies of water 
totaled 15.93 kg/hm2.
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respectively. Between 10.00 % and 18.00 % of the nitrogen lost by nitrification-denitrification is converted into N2O. 
N2O discharged by the farming-grazing system in the Wuliangsuhai catchment was approximately 3.75×10
3 tons in 
2006, or 14.00 % of the total. 
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Fig. 6. Total nitrogen introduced to surface water from various sources. 
NH3 and N2O exported into the farming-grazing system are important factors affecting the both air and water 
quality. NH3 deposited in the ground may increase nitrogen available in the soil and is thus beneficial to plants. 
However, it is also a source of N2O pollution. NH3 deposited in bodies of water increases eutrophication and harms 
fishes and other marine life. N2O is an important greenhouse gas that accounts for 6.00 % of anthropogenic 
contributions to the greenhouse effect. This discharge of N2O is the primary cause of global warming. Its intensity is 
310 times that of CO2. N2O also destroys ozone in the stratosphere, and ozone in the ozone layer decreases by 
10.00 % when the amount of N2O in the atmospheric layer doubles [23]. In 2006, nitrogen loss by nitrification-
denitrification and ammoniation in the Wuliangsuhai catchment accounted for 1.93×104 tons and 2.67×104 tons, 
6.  Conclusions  
Agricultural production has a profound impact on the aquatic environment. Nitrogen output from agricultural 
production is the most important factor in accelerating water eutrophication in China. To provide quantitative 
information for policy making, we focused on the Wuliangsuhai catchment of Inner Mongolia Autonomous Region 
in China in this paper. The rural economy of the Wuliangsuhai catchment has developed quickly since 1978. But 
development of the rural economy brings about a lot of excessive nitrogen, and caused the serious eutrophication of 
the Wuliangsuhai Lake. We analyzed the nitrogen flow in the farming-grazing system and it’s impacts on the local 
environment based on the NFM and the NSSNB models. 
Our results show a surplus of nitrogen in the farming system and a deficit in the grazing system in the 
Wuliangsuhai catchment. A considerable amount of nitrogen enters surface water, groundwater, and the atmosphere 
through runoff, nitrification-denitrification, leaching, and ammonification, and greatly impacts the local water 
environment. In particular, eutrophication of the Wuliangsuhai Lake and the atmospheric greenhouse effect are 
directly related to this nitrogen output. 
Nitrogen input in the Wuliangsuhai catchment was derived from fertilization, livestock manure, biological 
nitrogen fixation, atmospheric deposition, crop residue, seeds, human feces and urine, and irrigation water. Nitrogen 
was lost through plant absorption, runoff, leaching, ammonification, and nitrification-denitrification. A small portion 
of the nitrogen absorbed by plants returns to the farming-grazing system. However, nitrogen carried off by runoff, 
leaching, ammonification, and nitrification-denitrification has almost no change of returning to the farming-grazing 
system. This has caused nitrogen accumulation in local bodies of water, and the eutrophication of Wuliangsuhai 
Lake. Human activities have become the most important factor affecting the nitrogen balance in the farming-grazing 
system. The use of mineral fertilizer and livestock production are the dominant factors affecting the quality of the 
local environment. The loss of nitrogen is mainly caused by nitrification- denitrification and ammonification. 
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This causes the massive surplus of nitrogen in the farming and exerts great pressure on the aquatic environment 
while the long-term loss of nitrogen from the grazing system greatly reduces the organic matter in the soil, and 
causes serious degeneration of grassland. The negative impact of agricultural activities on the aquatic environment 
and grassland degradation may be abated by balancing the nitrogen input between farmland and grassland areas. For 
example, the application of fertilizer to grassland may increase nitrogen in the soil and the grass yield per unit area. 
Fertilizers account for 83.30 % and 73.10 % of the nitrogen annually exported into surface and groundwater, 
respectively. Thus, the appropriate use of fertilizers should be given attention in controlling agricultural sources of 
contamination. At the same time, most nitrogen produced by agricultural and human activities is directly exported in 
surface water, worsening the eutrophication of Wuliangsuhai Lake. Moreover, a considerable amount of NH3, N2O 
discharged by rural activities enters the atmosphere, and their influence on the atmospheric environment should also 
be considered. 
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